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HLA BINDINfi PF.PTThRS AND THF.TR .ITSFS - 


y The present application is a continuation in part of USSN 60/013,833, ' 
^/■?M$isn^ to USSN 08/589,107, arid USSN 08/451,913 and to USSN 08/347,610, 

is continuation in part of v 
* r ^ ISSN 9^ / 10 ?'?? 6 w hich >s a continuation in p^rt of USSN 08/027,746 which is a ':: 

C continuation in part of : USSN 07/926, 666. It;is also related to USSN 08/1 86,266 All of 
the above applications are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
The present invention relates tb compositions and methods for preventing, 
10 treating or diagnosing a number of pathological states such as viral diseases and cancers. 

In particular, it provides novel peptides capable of binding selected major 
histocompatibility complex (MHC) molecules and inducing an immune response. 

MHC molecules are classified as either Glass 1 or Class II molecules. Glass 
II MHC molecules are expressed primarily on cells involved in initiating and sustaining: 
15 : immune responses, such as T lymphocytes, B lymphocytes, macrophages, etc. Class II 
MHC molecules are recognized by helper T lymphocytes and induce proliferation of 
: n ^pe r T lymphocytes and arnplification of the immune response to the particular 
immunogenic peptide that is displayed. Class I MHC molecules are expressed on almost 
all nucleated cells and afe recpghized by cytotoxic T lymphocytes (CTLs), which then 
20 ^oy ^e ^^^ngceil&. CTLs are particularly important in tumor rejection and 
in fighting viral infections. The CTL recognizes the antigen in the form of a peptide 
fragment bound to the MHC class I molecules rather than the inuct foreign antigen itself. 
The antigen must normally be endogenously synthesized by the cell, and a portion of the 
protein antigen is degraded into small peptide fragments in 

the cytoplasm. Some of w peptides translocate into a pre-Golgi compartment and 

interact wi|h class I heavy chains to facilitate proper folding and association with the 


25 
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subunit P2 microglobulin. The peptide- MHC class 1 complex is then routed to the cell 
surface for expression and potential recognition by specific CTLs. : 

Investigations of the Ctyistal structure of the 
HLA- A2. 1 , indicate that a peptide binding groove is created by ^ the folding of the al and 

5 a2 domains of the class I heavy chain (Bjork^ 

investigations, however, the identity of peptides bound ^ the grroye was not determiriied; # 
Buus et il . , Science 242: 1065 ( 1 988) first described a method for add 
; elution of bound peptides from MHGL Subsequently, Rammensee and his coworkers (Fualk 
et al. , Nature 351 :290 (1991) have developed an approach to characterize naturally 

10 processed peptides bound to class 1 molecules. Other investigators have success^ ; i 

achieved direct amino acid sequencing of the more abundant peptides in various HPLC 
fractions by conventional automated sequencing of peptides eluted from class I molecules 
of the B type (Jardetzky, et al., Natme 353:326 (1991) and of the A2. 1 type by mass 
spectrometry (Hunt, et al. , Science 225:1261 (1992). A review of the characterization of 

15 naturally processed peptides in MHC Class I has been presents) by Rotzschke and Falk 

(Rdtzschke and Falk, Immunol, Today 12:447 (1991). : : - 

<^tt* * a l Prnc Natl. Acad Sci USA 86:3296 (1989) showed that MHC 
allele specific motifs could be used to predict MHC binding capacity. Schaeffer etal., 
Proc Natl. Acad. Sci. USA 86: 4649 (1989) showed that MHC binding was related 

20 immunogenicity. Several authors (De firuijn et al., Eur. J r Immunol m 21:2963-2970 

(1991); Pamer et al , 991 Nature 353:852-955 (1991)) have ; provided preH ; 
that class I binding motifs can be applied to the identification^ 
peptides in animal models. Glass I motifs specific for a number of human alleles of a 
given class I isotype have yet to be described. It is desirable that the combined frequencies 

25 of these different alleles should be high enough to cover a large fraction or perhaps the 

majority of the human outbred population. 

Despite the developments in the art, the prior art has yet to provide a useful 
human peptide-based vaccine or therapeutic agent based on thif Wor^ The present 
invention provides these and other advantages. 


. . . ...... . ... . . . : , . . . ... , 
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SUMMARY OF THE INVENTION 
The present invendon immunogenic peptides havm^^ 
MHC Class^l The immunogenic peptides are typically between abbut 8 ^ 

; 5 ; by the appropriate M A number of allele ispecific motifs have beeri identified; 

For instance^ the moUf fp^ 

;V;BC ; • G. or D and^alternati vely E: Other j^ond <^ 
-. y j/^O^0- ; residues are pi^ferably ; ^epkrated by 6 i to ; -7 - residues ; •: ' • : . • 

The motif for HLA- A 1 <^mpri from the N-terminiis to 

; first conse^ 

conserved residue of Y. Other second <x>nsei^ed residues are A i 
second (conserved residues are acy^ent; and ait prefera froW th^ i^i^ 

15 .^ t /r:^n^ry'^\rtiidwby.6 to 7 residues; A second rnoti f consi sts of a first cdh ^rv^ residue 
^ E or D arid a second eonseived residue ory w 
residueis are separated by 5 to 6 residues. 
. The motif for HLA-Allic^m 

20 The first and second conserved residues are preferabl y separated by 6 or 7 residues. 

The motif for HLA-A24: 1 comprises fro 
a first conserved residue of Y t F or W at position 2 and af C terminal^ to 
F, I, W, M or L. The first and second c^se 
7 residues. ' 

25 Epitopes on a number of potential target proteins can be idenUfied in W 

manner. The peptides can be prepared based on sequences of antigenic ; pro^ 
pathogens (e.g., viral pathogens, fungal pathogens/ bacterial pathogens, protp^ 
pathogens, and the like) or from antigens associated with cancer. Examples of suitable 
antigens include prostate specific antigen (PSA), hepatitis B core and surface antigens 

30 (HBVc, HBVs) hepatitis C antigens, malignant melanoma antigen (MAGE-1) Epstein Barr 

virus antigens, human immunodeficiency type- 1 virus (HIV 1 ) and papilloma virus 
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antigens. The peptides or nucleic acids that encode them are useful in pharmaceutical j 
compositions for both in vivo and £2LmG therapeutic and diagnostic appUcatipns; 

..'Definitions . 

The term "peptide" is used interchangeably with "oligopeptide^ the 
5 preset specification to designate a series of residues, typically ^ 

on$ to the other typically by peptide bonds between the alpha^mino and carbpriy 
of adjacent amino acids. The oligopeptides of the invention are less than about 15 residues 
in length and usually consist of between about 8 and about 1 1 raidues , preferably 9 or 1 0 
•• •V.-\- : : : ; : ; • ^rwidufes. v ; . . "v;//^ ^\^'\{'y : i;'^_ . 

1Q An "immunogenic peptide" is a peptide which comprises an allele-specific 

motif such that the peptide will bind the MHC allele and be capable of inducing a CTL 
response- Thus, immunogenic peptides are capable of binding to an appropriate class I 
MHC molecule and inducing a cytotoxic T cell response against the antigen from which 
the immunogenic peptide is derived. 

15 the relationship between binding affinity for MHC class I molecules and 

immunogducity of discrete peptide epitopes has been analyzed in two different 
experimental approaches (Sette, e/ al, 7. Immunol., 153:5586-5592 (1994)); In the first 
approach^ the immunogenicity of potential epitopes ranging in MHC binding affinity oyer 
a 10,000-fold range was analyzed in HLA-A*020 1 transgenic mice. In the second 

20 approach • the antigenicity of approximately 100 different hepatitis B virus (HBV)-deriyed 

potential epitopes, all carrying A # 0201 binding motifs, was assessed by using PBL of acute 
hepatitis patients. In both cases, it was found that an affinity threshold of approximately 
500 nM (preferably 500 nM or less) determines the capacity of a peptide epitope to elicit a : 
CTL response. These data correlate well with class I binding affinity measurements of 

25 either naturally processed peptides or previously described T cell epitopes .. These data; 

indicate the important role determinant selection in the shaping of T cdl respojises, 

A "conserved residue" is an amino acid which occurs in a significantly ; I 
higher frequency than would be expected by randonv distribution at a particular position m 
a peptide motif . Typically a conserved residue is one at which the immunogenic peptide 

30 may provide a contact point with the MHC molecule. One to three, preferably two, 

conserved residues within a peptide of defined length defines a motif for ah immunogenic 
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peptide. These residues are typically in close contact with the peptide binding groove, 
with their side chains buried in specific pockets of the groove itself. Typically; an 
immunogenic peptide will comprise up to three conserved residues, more usually two 
conserved residues. 

As use^ hercin, "negative binding residues" are amino acids which 
present at certain ^ peptide being a nonbinder or p<»^ 

turn fail to induce a despite the presence of the appropriate cttilse^ed 

i^idues within the peptide ' 

motif' refers to the pattern of resid lies in ia peptide of iefin^ : 
^ articular MHC 

tflele. The peptide motifs are typically different^ allele and differ in 

the pattern of the highly conserved residues. 

The binding motif for an allele can be defi ned w i th increasing degrees of 
precision. In one case, all of the conserved residues are present in the correct positions in 
a peptide and there are no negative binding residues present. 

The phraises "isolated 11 or "biologically pure" refer to material which is 
substantially ^ 0r essentially free from components which normally accompany it as found in 
its native state, thus, the peptides of this invention do not contain materials normally 
associated with their in ^ environment, e.g. , MHC I molecules oh antigen presenting 
cells. Even where a protein has been isolated to a homogenous or dominant band , there 
are trace con taminamts in the range of 5-10% of native protein which co-purify with th^ ; 
desired protein. Isolated peptides of this invention do not contain such endogenous co^ 
purified protein. • . 

The term "residue" refers to an amino acid or ; amino acid mimetic 
incorporated in a pligopeptide by an amiide bond or amide bond mimetic. 


30 


The pr^erit invention relates to the determination of allele-s^ 
motifs for human Class I MHC (sometimes referred to as HL A) allele subtypes. These 
motifs are then used to define T cell epitopes from any desired ^tigen, parti^ 
associated with human viral diseases, cancers or autoimmune diseases, for Which the 
amino acid sequence of the potential antigen or autoantigen targets is known. 
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Epitopes on a number of potential target proteins can be identified in this 
manner, Examples of suita^ prostate specific antigen (PSA), hepatitis B 

; ^ (HBVc- HBVs) hepatitis C antigens, Epstein-Barr virus antigens, 

mela^ (e.g;; MAGE l)y human immunodeficiency virus (HIV) antigens and 

5 h^ 

Autoimmune associated disorder of the invenaon 

>f ' may beempto of, treat or prevent the ocpurrence or ; 

repccuirence of include, for example, multiple sclero^ (MS) , rheumatoid arthritis (R A) , 

10 arthritis, ankylosing spondylitis, myasth^ia gravis 

(MG), bullous pemphigoid (antibodies to basement membrane at dermal-epidermal 
junction); pemphigus (antibodies to mucopolysaccharide protein complex or intracellular 
cement^ t0 glomerular basement membrane), 

Goodpasture' s syndrome, autoimmune hemolytic anemia (antibodies to erythrocytes), 

15 Hashimoto's disease (a^^^ anemia (antibodies to intrinsic 

fac^ purpura (antibodies to platelets), Grave's disease, and 

Addisoh's disease (ahti 

The autoahtigeris associated with a number of these diseases have been 

idditified^^^ 

20 i involved in pathogenesis have been characterized: in arthritis in rat and mouse, native 
tyi^il arthritis, and mycobacterial heat shock 
proffi identified in experimental allergib 

thy^ (EAT) in mouse; acetyl Choline receptor (AChR) in experimental allergic 
myasthenia gravis (EAMG) ; and myelin basic protein (MBP) and proteolipid protein 
25 ; (PLP) In experimental allergic encephalomyelitis (EAE) in mouse and rat. In addition, 
targ^ been identified in humans: type-II collagen in human rheumatoid 

|i ^ gravis. 

Without wishing to be is believed that the presentation 

30 su^^ Ji^ W dl. Science 256:1213 (1992)). Such suppressor T 

• ^ factor-P (TGF-p), which ^ifically 
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inhibit the iu^ VSA Wi^i^^ i 

' (1992). ■ ■ ■ k' V ^ -iy ,'\ ... . .I;-'.:. Vj ■ - v " V: ■ : f " : , ;; \ ' , 

P^tid^ comprising th^ antigens are synthesized and ^ 

then tesjfetTfQr^ appropriate MHG molecules in assays using, for 

example, purified Class I molecules and radioi(^ohated peptides and/or cells expressing 
e fPP^ I ^^I^cy? ; for I n s tahc^, immunpflupresajnt staining and Sow 
rnicrpfluorimetry^ inhibition of ;C?n|^^ 

rhid?e£u^ 

further evaluated for jfbr C^Ls! derived from infected or i 

jittmuni^ indivi 

CTL responses that ^n gi ve rise to CTL jpiopu lations <^pabie of reacting with viraliy 
infected target cells or tumor cells as potential therapeutic agerits. 

Tte MHC class l antigens are encpded by the HLA-A , B, and C loci. 
HLA-A and B antigens are expressed at the ceir surface at ap^ equal densities, 

whereas the expression ^ signi fican tly Ipwer (perhaps as much as 10-fold 

lower). Each of thes;e loci have a number of allde^ motifs of : *Re 

invention are relatively specific ^fo 

Fpr i^ptide^bai^d vaccines, theipeptides of the present in vention preferably 4 
comprise a mptif r^griizad by an MHC I molecule having a wide distribution in the 
human population; Since the^M occur at different frequencies within different 

ethnic groups and racesi the choice of target MHC aljeie may depend upon the tai^et ; 
population. Table 1 shows the frequency of various alleles at the HLA-A locus products 
a ™ on £ ^ the majority of ^ population can be 

covered by peptides ^ to four HLA-A allele subty^s, specifically HLA A2.1, 

A 1 , A3 .2 i and A24 . l - Similarly, the majority of the Asian population is encompassed 
with the addition of ^ to a fifth allele HLA-A 11 .2. 
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A AlleWSuhtype N(69)' : : : 

. Al 10.1(7) 

A2.1 11.5(8) 

5 . A2.2 10.1(7) 

A2.3 1.' 

. / . ;A2> 4 

■. A2.5 . - - 

. : A5.1 > i i-- S : . ■ ■ i. 

10 . ':":::A3^2.: ':=.") --JV^ - 5/ 

">da?>T o 

Y. r Ali;2 ■■ : ^rS"^ ' 

" : A 1L3 |0* ' ^ 

A23 4.3(3) 

15 A24 2.9(2) 

A24.2 

A24 .3 ■ - . 

■ A25 1. 

A26.1 ' 4. 
20 ' ■ A26.2 ' ■ ■<..-'.$. 
• A26V 

A28.1 10.1(7) 

A28.2 i:4(i) 

A29.1 1.4(1) 

25 A29.2 10.1(7) 

A30.1 ■ ■ : 8.6(6) 

A30.2 ■ 

A30.3 ' ' 7, 

. A31 : 4.3(3) 

30 . A32 /•" £8(2) 

Aw331 8. 

Aw33.2 . 2, 

Aw34.1 1.' 

Aw34.2 14.5(10) 

35 Aw36 5.9(4) 


8 

TABLE 1 
A(54) 


££502} 


l.i 
37:0(20) 
0 
5. 


0 

5.5(3)> 
5.5(3); 
31:4(17) 
3.7(2) 

27.7(15) 


9.2(5) 
3.7(2) 

1.8(1) 


16.6(9) 


27.4(138) 
39.8(199) 

3.3(17) 

0.8(4) 


10.2(0) 
21.5(108) 

8.7(44) 
0 

3.9(20) 
15.3(77) 


6.9(35) 
5.9(30) 
10(5) 

1.6(8) 

7.5(38) 

1.4(7) 

5.3(27) 

4.9(25) 

0.2(1) 

3.9(20) 

6.9(35) 

7.1(36) 

2.5(13) 

12(6) 

0.8(4) 


Tab, -nmpilprf fmm R nnPnnt, Imrminohiolofv of HI A . Vol . I, Histocompatibility 
Testing 1987, Springer-Verlag, New York 1989. 

* N - negroid; A = Asian; C == caucasoid. Numbers in 
parenthesis represent the number of individuals included in the analysis. 


40 


The nomenclature used to describe peptide compounds follows the 
conventional practice wherein the amino group is presented to the left (the N-terminus) and 
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the carboxyl group to the right (the C-termihus) of each amino acid residue. In the 
formulae representing selected specific embodiments of the presen the amino- 

and carboxyl -terminal group^ aiiM 

assume at physiologic pH v^ues v unless otherwise specified . In Uie amino acid^ 
formulae, each residue is geri 

designations. The L-form of an amino acid residue is represented by a 

^ri a capital first letter of a three-letter symbol, and the Deform for those amino acids is 

represented by a lower case single letter or a lower case three letter symbol; glycine has 

Th^ procedures used to i of the present invention generally 

: follow the methods disclosed in Falk 

herein by reference. Briefly, the methods involve large-sc^le of MHC class I 

molecules, typically by immunoprecipitation or affinity chromatography ; from the 
appropriate cell or cell line. Examples of other methods for isolation of the desired MHC 
molecule equally well known to the artisan irk^lude ion exchange chromatography, lectin 
chromatography, size exclusion; high performance ligand chromatography, and a 
Combination of all of the above techniques. 

A large number of cells with defined MHC molecules, particularly MHC 
Class I molecules, are known and readily available. For exaitiple, human 
EBV-transformed B cell lines have been shown to be excdlent sources for the^ 
isolation of class l and class II MHC molecules. Well-characterized cell' linef aire available 
from private and commercial sources, such as American Type Culture Collection 
("Catalogue of Cell Lines and Hybridomas, w 6th edition (1988) Rbckville, Marylarid, 
U.S. A.); National Institute of General Medical Sciences 1990/1991 Catalog of Cell Lines 
(NIGMS) Human Genetic Mutant Cell Repository, Camden, NJ; and ASHI Repository, 
Bingham and Women's Hospital, 75 Francis Street, Boston , MA 02 11 5 • Table 2:iisk 
some B cell lines suitable for use as sources for HLA-A alleles. A 11 of the^e cell lines can 
be grown in large batches arid are tte 

molecules; One of skill will recognize that these are merely exem 
many other cell sources can be employed. Similar 

:HLA-B and HLA-C pould serve as sources for HLA-B and HLA-C alleles, respectively- 
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HUMAN CELL LINES (HLA-A SOURCES) -■ 

• " - f: ;- : : : : HLA-A allele B cell line } 

MAT 

COX (9022) 
STElNLIN 

(9087);:" SMW^A ■■=•{•• * ' ' 

EHM (9080) 
HO301 (?055)GM3107 


KT3(9107),TISI (9042) \ 

BVR(GM6828A) 
WTiOO (GM8602)WT52 
(GM8603) 


In the typical case, immunoprecipitation is used to isolate the desired allele. 
A number of protocols can be used, depending upon the specificity of the antibodies used. 
For example, aljele-specific mAb reagents can be used fpr the affinity purification of the 
15 HLA-A, HLA-B, and HLA-C molecules. Several mAb reagents for the isolation of HLA : : 

A molecules are available (Table 3). Thus, for each of me targeu^^ 
reagents are available that may be used for the direqt| iso^upn of the HL^-A molecules; 
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Affinity columns prepared with these mAbs using standard techniques are successfully 
used to purify the respective HLA-A allele products. 
In addition;^ 

reactive anti-HLA-A; B, C mAbs, such as W6/32 and B9.12.1, and one anti-HLA-B, C 
mAb, BL23.2; could be used in alternative affinity pirn 
the -example section. below. ■-/:■'.:. 

■ ANTIBODY RE A d ENTS •' 5 . ■ 


anti-HLA 


Name 


15 


HLA-A 1 
HLA-A3 
HLA-1 1,24.1 
HLA-A ,B,C 

monomorphic 
HLA-B,C 

monomorphic 


12/18 

gapa3 ;■; ; ;(Atcg; HSi2i> 

A11.1M (AfcC, HB164) 

W6/32 (ATG|C ? HB95) 

B9.12.1 (Il^E^ 
B. 1.23.2 (IiSSERM-G 


20 


25 


The peptide bound to the peptide bindin 
molecules are eluted typically using acid treatment. Peptides can alsb b^ dissociated ^^fr^ 
class. I molecules by a variety of standard denaturing means, sufch as h^ 
salts, chaotropic agents , or a combination thereof. 

Peptide fractions are further separated from the MHG molecules by 
reversed-phase high performance liquid chromatography (H PLC) and sequenced . Peptides 
can be separated by a variety of other standard means well known to the artiisan, including 
filtration, ultrafiltration, electrophoresis, size chromatography, precipitation with specific 
antibodies, ion exchange chromatography, isoelectrofocusing, and the like. 
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Sequencing of the isolated peptides can be performed according to standard 
techniques such as Edman degradation (Hurikapiller, M . W; . et al . , M or 
'^:$9?< [ 1983]) . Other methods suitable for seq uenci ng i ncl ude mass ; s^irpm^ry sequencing 
( ^ as previously described; (Hunt, et al M Scifini^ 

••vr:;;::Which.is incorporated herein by reference): Amino acid sequencing of bulk ftlterpgeriou^ 
; ^ ' : (^^ 9 ypM\ed t HPLC fractions) from d if feren t class I rriplrcules fypwMy i^veials a 

of motifs specific for different class l aillel^s allows the h 
; identifi proteins whibse^ 

Typically, identification of potential peptid^ 

'^xe^c^-pl mbtifs. The epitopic sequences are then synthesized. The capabipip W 
KlHG Glass molecules is measured in a variety of different ways. One means ^ iS; a Glass I 
jmpl^iilar binding assay as described, for instance, in the related ^pli^ionsfin 
above. Other alternatives described in the literature include inhibition ;pf Mt^^^^S'^ . 
pre^tabon (Sette, et al., J. Immunol. 141:3893 ( 1 99 1 ) , iiLidJXQ as^nrili ly : assays 
(Townsend et al . , Cell 62 : 285 (1990), and FAGS based assays using niiri^^ 
^^^^^^^^^^^ Eur: J Immnriol ; 2 1 2Q61 [1QQ1]) 

Next, peptides that test: positive in the MHC class I binding as^^ 
for the ability of the peptides to induce specific CTL responses i n vitm Frir 
antigen^presenting cells that have^been incubati^ 

ability to induce GTL responses in responder cell populations. A ritigen-pre^nti 
can be normal cells such as peripheral blood mononuclear cells or de^dntic ^d 
al., J; Exp Med, 166:182 H9871: Boog: Eur. J Immunol . 1 8:21911988]): 

Alternatively, mutant mammalian cell lines that are deficient in tH^ 
to load class I molecules with internally processed peptides, such as the mbuse cell iiries 
RMA-S (Karre, et al.. Nature, 319:675 (1986); Ljunggren, et al. . Eur. J Immunol 
21:2963-2970 (1991)), and the human somatic T cell hybridoma, T-2 (Ceruntiblo, et al. , 
Nature 345:449-452 (1990)) and which have been transfected with the appropriate human 
class I genes are conveniently used, when peptide is added to them, to test for the capacity 
of the peptide to induce in vitro primary GTL responses. Other eukaryotic cell lines which 
could be used include various insect cell lines such as mosquito larvae (ATCC cell lines 
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CCL 125, 126, 1660, 1591, 6585, 6586), silkworm (ATTC CRL 8851), armyworm ] 
; (ATCC GRL 1711), moth (ATCC CCL 80) and Drosophila cell lines such as a Schneider 
cell line (see Schneider J. Emhrvol: F.xp. Mhr^hn> 97 ^^.^ :p<mp tw w*bcch ! I- 
tiansfected with the appropriate human class I MHC allele encoding genes and the human 
; B 2 microglobulin genes. : 

Peripheral biood lymphocytes are conveniently isolated following simple 
: venipuncture or leukapheresis of normal donors or patients and iwed as the responder cell 
I sources of GTL precursors. In one embodiment, the appropriate antigen-presenting cells ^ . 
-^1 ■ : - ^ 5^ 00 A-'-'V* i ri s«^rxi m ^fip?es& media for 4 hours under 

; appropriate culture conditions: The peytide-lbaded an^en-presenting cells are then 
incubated with the responder cell populations yutiilQ for 7 to 10 days under optimized 
culture conditions. Positive CTL activation can be determined by assaying the cultures for 
the presence of CTLs that kill radiolabeled target cells, both specific peptide-pulsed targets 
- as well as target Cells expressing endogenous^ processed form of the relevant virus or 
? tumor antigen from which the peptide sequence was derived. 

Specificity and MHC restriction of the GTL is determined by testing against 
different peptide target cells expressing appropriate or inappropriate human MHC class I: 
The peptides that test positive in the MHC binding assays and give rise to specific CTL 
responses are referred to herein as immunogenic peptides. 

The immunogenic peptides can be prepared synthetically, or by recombinant 
• DNA technology or isolated from natural sources such as whole viruses or tumors. 

Although the peptide will preferably be substantially:! free of other naturally occurring host 
. cell proteins and fragments thereof, in some embodiments the peptides can be synthetically 
conjugated to native fragments or particles. The polypeptides or peptides can be a variety 
of lengths, either in their neutral (uncharged) forms or in forms which are salts, and either r 
free of ; , odifiqitions such as glycosylation, side chain oxidation, or phosphorylation or 
containing mese modifications, subject to the condition that the modification not destroy ' 
; the polypeptides as herein described. 

Desirably, the peptide will be as small as possible while still maintaining 
sub #ntially all the biological activity of the large peptide. When possible, it may be 
desirable to optimize peptides of the invention to a length of 9 or 10 amino acid residues, 
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commensurate in size With endogenously processed viral peptides or tumor cell peptides 
that are bound to MHG 

Peptides having the desired activity may be modified as necessary to proWdfe^^i^^^;^ ; ; 
certain desired attributes, e g;, improved fAarmacologicaJ chara^ increasing 
y : y-^r5^\ or at least retainirig subst^tially all of the biological activity of the unmcklified peptide to 
bind the desired IsiHC mol^ul appropriate? cell. I^or instance, the 

peptides may be subject to various changes, such as substi tutioris , either conservative or 
noncbnservatiye, where such changes might provide for certain advantages in their use, 
; ^ improved MHG: binding. By conservative substitutions is meant replacing an 
10 amino acid Tesidue with another which is biologically and/or chemically similar, e g; ; one 

hydrophobic residue for another, or one polar residue for another. The substitutions 
include combinations such as Gly, Ala; Val, He, Leu, Met; Asp, Glu; Asn, Gin; Ser, Thr; 
Ly s . A r g; and Phe, Tyr. The effect of single amino acid substitutions may also be probed 
using D-amino acids. Such modifications may be made using well known peptide 
15 synthesis procedure 

Banuiy and MgrrifiirlH/ Thft Peptides : Gross and Meienhofer; eds. (N.Y., Academic 
Preis), pp. 1-284 (1979); and Stewart and Young, Solid Phase Peptide Synthesis, 
(Rockford, 111., Pierce), 2d Ed. (1984), incorporated by reference herein. 

The peptides can also be 

20 compound's amino acid sequence, e.g., by the addition or deletion of amino acids. The 

peptides or analogs of the invention can also be modified by altering the order or 
comptosW of certain residues, it being readily appreciated that certain amino acid 
residues essential for biological activity, e.g.,^ at critical contact sites or conserved 
residues, may generally not be altered without an adverse effect on biological activity. 

25 The noncritical amino acids heed not be limited to those naturally occurring in proteins, 

such as L^a-aminb acids; cfr their but may.include hqn-natural apno acids as 

well, such as p-y 6-imin6 i&id 

Typically * a series <)f peptides with single amino acid sMbstitutions is 
employed to determine the effect of electrostatic charge, hydrophobicity, etc. on binding. 

30 For instance, a series of positively charged (e.g. , Lys or Arg) or negatively charged (e g .^^^^^^^ i 

Glu) amino acid substitutions are made ^ 

patterns of sensitivity towards Various MHC molecules and T cell receptors. In addition, 
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■ ^ m^Itipi^^ neutral moieties such as Ala, Gly , Pro, or 

: : I similar resid ues may be employed.: The substitutions may be homo-oligbmers or hetero- 
oligpmers ; The number and types bf residues which are substituted or added depend on 
i the spacing nebes^ and certain functional attributes 

^5 wh^ hydrpphilicity). Increased binding affinity 

for an MHC molecule or T such substitutions, 

w the affinity of the parent peptide: In any event, such substitutions should 

employ amino acid resid ues or other molecular fragments chosen to avoid, for example, 
steric and charge i^ which might disrupt binding . 

10 Amino acid substi tu tibns are typical 1 y of single residues. Substitutions, 

deletions, insertions or any combination thereof may be combined to arrive at a final 
peptide. Substitutional variants are those in which at least one residue of a peptide has 
been removed and a different residue inserted in its place. Such substitutions generally are 
made in accordance with the following Table 4 when it is desired to finely modulate the 

:- : 15.k^^^ 
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TABLE 4 


Original Residue 
Ala 
Arg 

. . Asn 


Gly 

■■His.. : ;y-:;;;::::'. : 

Leu ' 

Lys 

Met 

Phe 

Ser 

Thr 

Tyr " 
Val 


Rxemplafy Substitution 

ser ... 

''■^H^y^'''':-'^ lys 
; glri; his 
! gl" "-' : V- : 

>4; ; : ; : ; :V : •'ser;;. 

.asp ■ 
' pro 
. ; asn; gin 
leu; val 
ile; vial •■: 
arg 
v leu; ile:-. " 
met; leu; tyr' 

ser 

V; trp; phe " 
V ile; leu ' 


10 


2b 


25 


30 
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Substantial changes in function (e.g. , affinity for MHC molecules or T cell 
receptors) are made by selecting substitutions that are less conservative than those in Table 
; 4, ne., selecting residues that differ more significantly iiV their effect on maintaining (a) 
the structure of the peptide backbone in the area t»f the substitution, for example as a sheet 
or helical conformation, (b) the charge or hydrdphobicity of the molecule at the target site 
pr (c) the bulk of the side chain. The substitutions which in ^nerai are expected to 
produce the greatest changes in peptide properties will b^ those in which (a) hydrqphilic 
£«^due, e.g. seryl, is substituted^ (orby) a hydrophobic r^idue, e.g; leucyl, isoleucyl^ 
phe^lalanyl, valyl or alanyl; (b) a residue having an electro|ositive side chain, e.g. , 
lysyl, arginyl, or histidyl, is subsfitufed for (or by) an electronegative residue, e.g. 
glutamyl or aspartyl; or (c) a residue having i bulky side chain, e.g. phenylalanine, is 
; substituted for (or by) one not having a side chain; e.g., glycine. 

The peptides may also comprise jsosteres of two or more residues in the 
immunogenic peptide. An isostere as defined here is a sequence of two or more residues 
15 J ^ at 030 be substituted for a second sequence because the steric conformation of the first 
sequence fits a binding site specific for the second sequence. The term specifically 
includes peptide backbone modifications well known to those skilled in the art. Such 
• modifications include mbdifications of the amide nitrogen, the a^rbbn, amide carbonyl, 
complete replacement of the amide bond, extensions, deletions or backbone crosslinks. 
See, generally, Spatola. Chemistry and Biochemktrv nf a minn k^Hc rP tjft^«; an rt 
Bmiejni, Vol. VII (Welnstein ed,3Q83). 

Modifica^ns of peptides with various amm acid mimetics or unnatural 
amino acids are particularly useful in increasing the stability of the peptide in vivo . 
Stability can be assayed in a number of ways. For instance, peptidases and various 
biological media, such as human plasma and serum, have been used to test stability. See, 
e^., Verhoefet al.. Eur j: Timf m^h Phaf mnff^Kin f I 1 jCWfffj) Half life of 
tte peptides of the present inv^ using a 25% human serum 

(v/v) assay. The protocol is generally as follows. Pooled humin serum (Type AB, 
inpn^heat inactivated) is delipidated by centrifugatiorv before k the serurii is then diluted 
to 25% with RPMI tissue ciii^r^^amju^ to test peptide stability^ At 
predetermined time interval^ a sjnaira^ removed and added to 

either 6% aqueous trichloracetic acid or ethanoh -The ^' : cfoud|;^c|dn -sample is cooled 


WO 97/3461 7 „~~„.„ V 

PCT/US97/0445I 

(4^C) for 15 minutes and then spun to pellet the precipitated serum proteins- The presence 
of the peptides is then determined by reyersed-phase HPLG using stability-specific 
chromatography conditions. 

The peptides of the present invention or analogs thereof which have CTL 
stimulating activity may be modified to provide desired attributes other ttani improved ' 
serum half life. For instance^ the ability W the peptides to induce CTxlactilty can be 

. .enhanced by linkage to a sequence,%icf '^j^lli^^^^i^^^^^i 

. inducing IT helper cell;response: : :Part^ 

:\;:^njuga^;are linked by a spacern*|^ 

? ma1 ]' neutral molecules . such ^s amino acids or amino acid jti^^ r \; 

substantially uncharged under physiological coridi^ions. The spacers are typically selected 
from, e;g. , Ala, Gly, or other neutral spacers of nonpolar amino acids or neural polar 
amino acids. It will be understood that the optionally present spacer need nqt be 
comprised of the same residues and thus h^y be a h^ 

piese^ the Spacer will usually be at least^neior two residues, more usu^y tof^ ^six 
residues. Alternatively, the CTL peptide may be linked to the T :helper>4tide; without a ■ 
'■ spacer.-' 

The immunogenic peptide may be linked to the T helper peptide either directly 
or via a spacer either at the amino or carboxy terminus of the tTL pepUde Tne amino 
terminus of either the immunogenic peptide or the T helper peptide may be acylateti. 

In some embodiments it may be desirable to include in the pharmaleutical i 
compositions of the invention at least one Ipohi^ p^niing^GTL 
Lipids have been identified as agents 'cap^eM^^ 

viral antigens. For example, palmitic acid residues can be attached to the alpha arid - 
epsilon amino groups of a Lys residue and then! linked, e.g., via one or more linkiiig 
residues such as Gly, Gly-GJy-, Ser, Ser-Ser, or the like, to an immunogenic peptide. The 
lipidated peptide can then be injected directly in a micellar form, incorporated into a 
liposome or emulsified in an adjuvant, e.g., incomplete Freund's adjuvant^ Iri a preferred 
embodiment a particularly effective immunogen comprises palmitic acid attached to alpha 
and epsilon amino groups of Lys, which is attached via linkage, e.g , Ser-Ser, to the 
amino terminus of the immunogenic peptide. 
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■ ■ As another example of lipid priming of CTL responses, E^i lipoproteins 
such as ^™toyl-S^ 

specific CTL when covalently attached to an appropriate peptide. See, Pres et il 

IP in addition, additional amino a ^ 

- . ; ■ ^de fbrease ^nking 

larger peptrde, for modifying the physical or chemical properties of the peptide or ^ ' C 
: ■ ohgo pe ptide, orthetoe; A.nino acids suc h as ^ 

„ aSPa,11C aCid ' 0r * e Hke > be introduced at thee- or N-^rminus of the peptide or : '& 
15 ohgopeptide. Modification at the C terminus W some cases may alter binding ' ■ 
char^ctensti^ o^e peptide. ,n addition, the peptide 

from the natura. sequence by being modified by terminal^ acy,ation,^.gVby alkanoyl ' 
(CrC^) or thioglycolyl acetylatipn, terminal-carboxyl amidation, e.g., ammonia • 
, ■ methylarnine. etc, In some instances these modifications may p^vide sites for iiLng to £ * 
zv . support or other molecule. ' 

Tl»e peptide^pf the invention can : be : pr e p^:ifewide'. w^6f^3^ 
,. •.; J^^^j^^te. thepeptide^ 

are commercially available and can be used in accordant with '^^^^ g SS 
example, Stewart and Young, S0 I^^ 

(1984) jj2Q 


30 


Alternatively, recombinant DNA technology may be employed wherein a 
nucleate '^^.^m-lm^m^^SfkAiTi inserted into ah 
T* VKtt,r - ta "^>r tn.nsfec.ed intoVappwoate host ceil Wcuhivaied ' ' 

: « described gene^ly in Sambrook e, a,„ Mute u te .Q lill i a£ ^u^ 0 CoId 
Spnng Harbor Press, Cold Spring Harbor, New York (,982,, which is incorporated herein 
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by reference. Thus ; fusion proteins which comprise one or more peptide sequences of the 
invention can be used to present the appropriate T cell epitope. 

As the coding sequence for peptides of the length contemplated herein can be 
synthesized by chemical techniques, for example, the phosphdtriester method of Matteucci 
5 et al y J , Am. Ohem. Soc. 103:3185 (198 H 7 modification can be made simply by 

substituting the appropriate base(s) for those encoding the native peptide sequence. The 

expression 

police the desired fusion protein; A number of such vecto^ 

10^: ; are now a vai lable. For expression of the fusion proteins, the atf^ 

operably li nked start and stop codons , promoter arid terminator regions and 
usually a replication system to provide an expression vector for expr^sion in the desired 
; ceUiiiar host; For example, promoter sequences compatible with bacterial hosts are 
providisd in plasmids containing convenient rest ricti on si tes for • i hsertion of the desired 

15 coding sequence. The resulting expression vectors are transformied into suitable bacterial 
hosts. Of course, yeast or mammalian cell hosts may also be used, employing suitable 
vectors and control sequences! 

The peptides of the present invention and pharmaceutical and vaccine 
compositions thereof are useful for administration to mammals, particulafly h^ 

20 treat and/or prevent viral infectibn and cancer. Examples of diseases which can be treated 
using the immunogenic peptides of the invention include prostate cancer, hepatitis B, 
hepatitis C, AIDS, renal carcinoma, cervical carcinoma, lymphoma, C 
V condlyloma acuminatum. 

For pharmaceutical compositions, the immunogenic peptide^ of the invention 

25 are administered to an individual already suffering from cancer or infected with the virus 
of interest. Those in the incubation phase or the acute phase of infection can be treated 
with the immunogenic peptides separately or in conjunction with other treatments;; as 
appropriate. In therapeutic applications, compositions are administered to a patient in an 
amount sufficient to elicit an effective CTL response to the virus or tumor antigen and to 

30 cure or at least partially arrest symptoms and/or complications. Ah amount adequate to 
accomplish this is defined as "therapeutically effective dose. w Amounts effective for this 
use will depend on, e.g., the peptide composition, the manner of administration, the stage 
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y r : \--'<^tey treated, the weight and general state of health of the 

patient and the j udgmen t of the prescribing physician, but generally ^ 

ib^t 5000 of peptide for a 7Q ^ patient, followed by boosting iSbia^ 
5 l^^^dboM 1000 Mgbf peptide^ 

; : ; measuring sp&ific 1 ^ 

| the i^tient's blood-: It must be kept in mind that the peptides 

;- ^'>f*? = >^^*! I Pfe^Pf : : ppte*i tially - Is fe ^ris^tehin£ situations In such cases" in view of jt^fe ; 
]'.;W-^0[ Minimization of extraneous substances and the relative nontoxic nature of th6 w>ticfei ■ iit is 
■•■ ^^^Wean^iy;be felt desirable by the treating physician to administer subst^n^i: 
excesses of these peptide compositions. 

For therapeutic use, administration should begin at the first sigh <jf viral 
:• , in^dbn or the detection or surgical removal of tumors or shortly after diagnosis in the 
^ This is followed by boosting doses until at least sy^^ 

■j-;^ for a period thereafter. In chronic infection, lading doses 

followed by boosting doses may be required; 

Treatment of an infected individual with the compositions of the inyemibn may 
hastoi resolution of foe infection in ac^^ 
20 su^tible (or predisposed) to developing chronic infection the comjx^Uib^ 

particularly useful in methods for preventing the evolution from acute t^hrdriic'i 
^^^sjjifr susceptible individuals are identified prior tp or during iri^ 
as de^nt^ herein, the co^ can be targeted to them, minimizing ne^ fer 

admiriistraiion to a larger population. 
25 the peptide compositions can also be used for the treatment of clirpnic 

infection and to stimulate the immune system to eliminate virus-infected &isw 
It is important to provide an amount of immunorpotentiating peptide in a formulation arid 
mode of administration sufficient to effectively stimulate a cytotoxic T c^I rcs^se. 
ThMSt ^ treatment of chronic infection , a representative dose is in the rangej --pf ■ abbut h(j 
30 ;/;^«:fP;abou«-5000 ^g, preferably about 5 //g to 1000 jig for a 70 kg patient per dose. 

; Immunizing doses followed by boosting doses at established intervals, e?g.\ fmm one to ^ : 
four weeks, may be required, possibly for a prolonged period of dme to effectively 
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immunize an individual. In the case of chronic infection, administration should continue i 
until at least clinical symptoms or laboratory tests indicate that the viral infection has been 
eliminated or substantially abated and for a period thereafter. 

The pharmaceutical compositions for therapeutic treatment are intended for 
S ; ; parenteral, topi<^i oral or local administration. Preferably, the pharmaceutical ./} 

" ^ Thus, the invention ^ for 

parenteral administration comprise a solution of the immunogenic peptides dissolved ! 
or suspended in an acceptable carrier, preferably an aqueous carrier. A variety of aqueous;: 
|f J carriers may; be used, e g *; water, buffered water, 0.9 % saline, 0.3 % glycine, hyaluronic 
acid and the like Theie compos may be sterilized by conventional, well known ; 
sterilization techniques, or may be sterile filtered. The resulting aqueous solutions may be 
packaged for use as is, or lyophilized, the lyophilized preparation being combined with a 
sterile solution prior to administration. The compositions may contain pharmaceutically 
15 acceptable auxiliary substances as required to approximate physiological conditions, sucjh j 
7 as pH adjusting and buffering agents, tonicity adjusting agents, wetting agents and the like, 
for example, sodium acetate, sodium lactate, sodium chloride, potassium chloride, calcium 
chloride, sorbitan monolaurate, triethanolamine oicate, etc. 

The concentration 6f CTL stimulatory peptides of the invention in the ;; 
20 4 pharmaceutical fo^^ vary widely, i.e. . from less than about 0. 1 %, usually at 

or at least about 2%:1> as much as 20% to 50% or more by weight, and will be selected 
primarily by fluid volumes, viscosities, etc., in accordance with the particular mode of 
administration selected. 

'"■'^'^'.V^^^''.^ invention may also be administered via liposomes, which, 
25 target foe peptides ^ cells tissue, such as lymphoid tissue. Liposomes are also; 

: useful in increasing the half-life of the peptides. Liposomes include emulsions, foams, 
■ ■ / 'Mi^-.m^00O^yi^ liquid crystals, phospholipid dispersions, lamellar layers f 
and the like. In these preparations the peptide to be delivered is incorporated as part of a 
liposome, alone or in conjunction with a molecule which binds to, e.g., a receptor 
3Q prevalent among lymphoid cells, such as monoclonal antibodies which bind to the CD45 
antigen, or with other therapeutic or immunogenic compositions. Thus, liposomes filled 
with a desired peptide of the invention can be directed to the site of lymphoid cells, where: 
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the liposomes then deliver the selected therapeutic/immunogenic peptide compositions. 
1^ are formed from standard vesicle- forming lipids, which 

geite^ phospholipids and a sterol ; such as 

cholesterol: selectibh of lipids is generally guided by consi<^ 
size, acid lability and stability of the liposomes in the blood sfcr^m^ ^ 

Biop^ 

• 5 ,01 9,369, incorporated herein by reference. 

^ For; to the immune eel Is , a 1 igand to t>e incc^ora^ 

li^i^me c^ i 

: ^determinants of th A liposome suspehs^ 

i;;^ locally, topical 1 y , etc . i n a dose which ; varied 

accoixling to T inter alia T the manner of administration, the peptide being deliyei^^ and the 
stage of the disuse being treated 

For solid; eon^sitions, conventional nontoxic solid ^ carriers may be used 
; for example, pharmaceutical grades of mannitol f lactose; sto^ch, 

§ magnesiu m stearate, sodium saccharin, talcum, cellulose, glucose, sucrose^ magnesium 
^ the like; For oral administration , a pharmaceutical!^^ 

wm formed by incorporating any of the nonmlly employed bra as 

those carriers previously listed, and generally 1 0-95 % of active ingredient^ that is, one or 
^ of the invention, and more preferably at a concentrator 

For aerosol administration, t^ 
in finely divided form along wth a surfactant and propellant, Typicar^ 
peptid(^ are 0;01^r20% by wdght, preferably 1 %-10%. The surfactant ihu 
be non^ in the: propellant. Representative of: siich i ^^nts are 

%fte^estcxs or partial esters of fatty acids containing from 6 to 22 carborv atoms; such as 
^caproic^'octanbic^ lauric, palmitic, stearic* linoleic, linolenic, olesteric and oleic acids with 
an aliphatic polyhydric alcohol or its cyclic anhydride. M i xed esters; such as mi x6d of 
natural glycerides may be employed. The surfactant may constitute 0. 1 ^-20% by weight 
of the composition, preferably 0.25-5%. The balance of the composition is ordinarily 
propellant. A carrier can also be included, as desired, as with; ;e r gv,' ; le^ithiri ^ 
.■"delivery.'' 
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In another aspect the present invention is directed to vaccines whic^ 

of a n immunogenic peptide as 
: described herein. The peptide(s) may be introduced into a host, including humap?, linked 
to its ^ uflj fs - Such a 

^ of increased immunological nation and, where diff^nt 

■ peptide^ are used to niake up the polymer, the additional ability to induce ^tibodies 
: ;^d@ react with different antigenic determinants of Jthe virus pr tu^ 

^^^^ y known in the art, arid intlud^.g;, thyroglobulin, albii^ 

;I W bovin^ tetanus toxoid; pplyamihp- acids such as poly(lysine:glu^m 

10 B virus core protein, hepatitis B virus recombinant vabcine and theiikei 

Th^ vacc^ can also contain a physiologically tolerable (acceptable) diluent such as 
i w^tert p^ buffered saline, or saline, and further typically include an adjuvant. 

Adjuvants such as incomplete Freund's adjuvant, aluminum phosphate, aluminum 
hydroxide, or alum are materials well known in the art. And, as mentioned above, CTL 
15 - ^ by conjugating peptides of the invention to lipids, such as P,CSS. 

Ujx)n imW^m composition as described herein, via injecUpn, aerosol, 

oral ; transdermal or other route , the immune system of the host responds to the vaccine by 
;^ lairge Amounts of CTLs specific for the desired antigen, and the host becomes at 

l^st f^rti^lly imriiune to later infection, or resistant to developing chronic infectipri; 
20 ^ VHv^! V^tine ^ the peptides of the invention are ad min tstered 

ilti) a ^tiCTt su^ptible to or otherwise at risk of viral infection or cancer to elicit an 

i^itiUn^ ^^pohse agairist the antigen and thus enhance the patient's own immune response 
4 ^ is defined to be an "immunogenically effective dose - In 

this use, the precise amounts again depend on the patient's state of health and weight, the 
25 ; mode of admin^ of the formulation , etc. , but generally range from about 

1 0 Atg to about diOOO A/g per 70 kilogram patient, more commonly from about 10 //g to 
about500:^ 

:i: ; : : 0%n : ^^e;.i^stances it may be desirable to combine the peptide vaccines of the 
iriv^tio^ ^ induce neutralizing antibody responses to the virus of 

30 inter^t, particularly to viral env antigens. 

Fpr therapeu ti cor immunization purposes, the 
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peptides of the invention can also be expressed by attenuated viral hosts, such as vaccinia 
or fowlpox. TOis approach involves the use of vaccinia virus as a vector to express 
nucleotide sequence that endDde the peptides of the invention. Upon introduction into an 
acutely or chronically infected host or into a ndriinfected host, the recombinant vaccinia 
virus expresses the immunogenic peptide, and thereby elicits a host C 

Vaccinia ve^tprs and methods useful in i m m unization protocols are de^ribed in, &i£$b -^'Li'^ 
Patent No 4,72^ 

■ G^^tte Guenn). ^ 3C are describ^ ia^ S^ 351:456^60 

(1991)) which is iii& vectors lisefiil 

for therapeutic admiriis^ratibn the peptides of the invention , e:g j ; 

Sa l mbnc l la \^^^yec^^-tl^ li ke, will be k^wen t to thbse ski 1 led in the art from: the i 
■ description herein H^T?--./'---- [r :-.^'-^ 
Nucleic acids encoding one or more of the peptides of the invention can also 
be admisitered to the patient. This approach is described; for instance, in Wolff eL dL , 
Science 247: J 465- 1 468 ( j 990) as wel 1 as Li . S ; Paten t Nos . 5 , 5 80 , 859 and 5,589;466: ■^■^"51^5^ 

A Ptefe^ the peptides of the 

invention uses minig^e ^ invention. To create 4 

a DNA sequen^ CTL epitopes (minigene) for expression in human 

cells, the amino acid s^ the epitopes are reverse translated . A human codon • 

usage table is choice for ^ch amino acid. These q)itope-encodin^ 

DNA sequenc^ aire dir^ creating a continuous pdly^ sequence. To 

optimize express^ i nto 
the minigene design. Examples of amino acid sequence that could be reye translated 
and included in the minigene sequence include: helper T lymphocyte epitopes, a leader 
(signal) sequence; and an endoplasmic reticulum retention signal. In addition, MHC 
presentation of -{^^it^ may be improved by including synthetic (e.g. pply-alanine) .0. 
or naturally-occurring adjacent to the CTL epitopes 

The minigene sequence is converted to DNA by assembling oligonucleotides 
that encode the plus and minus strands of the minigene, Overlapping oligonucleotides (30- 
100 bases long) are synthesized, phosphorylated, purified arid annealed under appropriate 
conditions using weir techniques, he ends of the oligonucleotides are joined using 
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T4 DNA ligase. This syntHetic minigene; encoding the CTL epitope polypeptide, can then 
cloned into a desired explosion yecbr. 

Standard jregul^j^ : ^uences-well known to those of skill in the art are 
included in the vectpr to ^ Several vector elements are 

5 reqm a down-streani cIot a 

polyad^ylat^ 
r^lication; arid m 
Numerous^ 
! (hC^ 
• • ''A 0 ""' • • / pro mbter sequences . : ; 

; ; ; Additid^ 

express and immunogenicity^ introns are requified for efficient gene 

expression, arid one or m^ could be incorporated 

into the uanscribed 

15 sequences can also be cpnsideredi to minigene expression It has recently been 

proposed that immunostimulato^ or CpGs) play a role in the 

immunogenicity of DNA Vaccine^ 
buU^ 

In some eimb^ 

20 included to enhance or decrease 

immunogenicity caii be u or polypeptides that could beneficially 

enharKetheim 

or costimulatc^ i 
epitopes could be joined to intracellular targeting sig^ 
25 ft 

different than the GTL epitopes;; ; If Quired, this ;could facili tate more; efficient entry of 
into the MHG class II improving CTL inductibn; In 

: i *|rohtiast : ib CH, induction r 

of immunosuppressive molecules (e.g. TGF-p) may be beneficial in Certain diseases. 
30 Once an expression vector is selected, the minigene is cloned into the 

poly Unker region downstream of the^p^ 

appropriate £. ra// strain, and DNA is prepared using standard techniques. The 
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orientation and DNA sequence of the m 

the vector, are confirmed using restriction mapping and DNA s^uen^ 
cells harboring th? correct plasmid can be stored as a master cell bank and ^ 
bank. 

5 TherapeiiUc quantities o^ : 

; a^^W 
st^dard^i^ 

10 Quiagen. If required, supercbiled DNA 

forms using gel electrophoresis or other methods. 

Purified plasmid DNA can be pi^pared for injection 

formulations. The simplest of these is reconstitution of lybphilized DNA in siert^v^ i 

phosphate-buffer saline (PBS). This approach; known as -naked DNA," 
15 us^ for intramuscular (IM) administration i 

immuhbtoerapeutic effects of minigene DNA;^ 

fbrmulatitig; purified plasm 

described , and hew techniques may become av^labl^ 

the formulation (jee, e.g. , as described by: ^ 93/24640 ; Mrinninb 

20 and Gould-Fogerite (1988) BicTeclmiques 682-69 1 ; Rosb U . S Pat No 5 , 279 ,83 3 ; : 
Brigham (1991) WO 91/06309; and Feigner-^ c/. (I?£7) Proc. Natl Acad. Sci: ^ 
7413-7414). In addition, glycdlipids, fusbgenic liposo^ compounds 
referred to collectively as protective, interactive^ 

complexed to purified plasmid DNA to influence variables such as stability, intramuscular 
25 dispersion, or trafficking to specific organs or cell types. 

The nucleic acids can also be administered using ballistic delivery as 
described, for instance, in U.S. Patent No. 5,204,253. Particles comprised solely of DNA 
can be administered. Alternatively, DNA can be adhered to particles, su 
particles. 

30 Target cell sensitization can be used as a functio 

MHC class 1 presentation of minigene-encoded CTL epitopes. The plasmid DNA is 
introduced into a mammalian cell line that is suitable as a target for standard CTL 
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chromium release assays. The transfection method used will be depehden 
formulation. Electroporation can be used for "naked" DN A, whereas cationic lipids allow 
direct in vitro transfection. A plasmid expressing green fluorescent protein (GP 7 ?) caii be 
co-transfected to allow enrichment of transfected eel Is u si rig fluc>rescenc0 acUvated eel 1 
sorting (FAGS). These cells are then chroniium^Slj^ 
epitope-specific CTL lines. Gytoly sis, detected 


In vivo iriimunogeriicity is a second approach for fa^ of mimgierie 

• : DN A formulations : Transgenic mice expressing ^pp^ 
: i 10 immunized with the DNA product. The dose arid route of ^ 
dependent (e g IM for DNA in PBS , IP forlipid^^ 
after i m m unization \ splenocytes are harvested and restim uiated ; 1 
of peptides encoding each epitope being tested, -These 
' : : i:.- for cytolysis of peptide-loaded , chrornium-5 1 labeled target standard • i 

15 techniques. Lysis of target cells sensitized by MHG jq^irtjg;: o 

minigene-encoded epitopes demonstrates DNA vaccine funedbn ifo^ of 

ctls. - .' . - '•■ ' •■ ■-'''^ 

Antigenic peptides may be used to elicit Cpb ^ The; resulting ; 

J ^ GTL, can be used to treat chronic infections (viral oi^ Hacteri 
20 do not respond to other conventional forms of therapy; o^ 

vaccine approach of therapy. Ex vivo GTL responses to ^ 

agent or tumor antigen) are induced by incubatirig m tissu^ c 

precursor cells (CTT^y together wit^ 

appropriate immunogenic peptide. After an appropri^e incubation time (typically \-A 
25 weeks), in which the CTLp are activated and mature arid e^ 
cells are infused back into the patient, where they will d^tr^ 
infected cell or a tumor cell). In order to optimize the in 

generation of specific cytotoxic T cells, the culture of sti muiatpr cells is maintained in an 
appropriate serum-free medium. 
30 Prior to incubation of the stimulator c^lls with the cells to be activated; e;g. , 

precursor CD8+ cells, an amount of antigenic peptide isadded to the stimulator cell 
culture, of sufficient quantity to become loaded onto the human Class I molecule 
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expressed on the surface of the stimulator cells. In the preseirit invention, a sufficient 
amount of peptide is an amount that will allow about 200, and preferably 200 or more, 
human Class I MHG molecules loaded with peptide to be express surface of each 

stimulator cell. Preferably, the stimulator cells are incubated with > 20^ig/ml peptide. 
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Resting or precursor CD8+ Mils are then incubated in culture M 
appropriate stimulator cells for a time period sufficient to activate the Cp8+ cells^ • 
Prefeiably, the CD8+ cells are activated in an antigenrsp^ific manner, T^ratiixdf 
resting or precursor CD8+ (effector) cells to stimulator ceils may vary from individual to 
5 : individual and may further depend upon variables such; as the amenability of an 

individual's lymphocytes to culturing conditions and % nature and severity of the disease 
condition or other condition for whibh the av 
pWerably; : however, the lymp^^ 
: ' ; V;3p0:l-.v The effector/stimulator culture^i^ 
10 " ■ < : necessary to stimulate a therapeutical jy^u^ 
The induction of CT 

are bound to allele specific MHC class 1 molecules pri APC; The number of specific 
MHC/peptide complexes per APC is crucial for the stimulation of CTL, particularity in 
primary immune responses. While small amounts .pf ^ptide/MHG complexesSper cell are 
15 sufficient to render a cell susceptible ^iaiVsisiJi^; j^l;*o)r? iq'-jattirnuiatei 'a -iwcjMMfe/ V 
response, the successful activation of a CTL pf^ur^ 
requires a significantly higher number of MHG/pep^ 

empty major histbcompatability complex mS : 
primary cytotoxic T lymphocyte respohses. Peptide loading of empty major 
20 histocompatability complex molecules on cells enables the induction of primary cytotoxic 

T lymphocyte responses. 

Since mutant cell lines do not exist foy eyery human MHC allele; it is ; 
advantagepMS: to use a technique to rembv? ^ 

surface of APC, followed by loading the resultihg ismpty ^G : 'ii^i^l^.wiA^ - 
25 immunogenic peptides of interest. The use o^non-transfprrneo; ; " =- 
non-infected cells, and preferably, autologous cells of patients as APC is desirable for the 
design of CTL induction protocols directed towards development of « v/vo CT"L therapies, 
this application discloses methods for stripping the endogenous MHC-associated peptides 
from the surface of APC followed by theidadihg of desired peptides. 
30 A stable MHC class I molecule is a tnmeric complex formed of the following : 

elements: 1) a peptide usually of 8 - 10 residues, !2) a transmembrane heavy polymorphic 
protein chain which bears the peptide-binding site in its a 1 and a.2 domains, and 3) a 
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non-covalently associated non-polymorphic light chain, p 2 microglobulin. Removing the 
bound peptides and/or dissociating me P 2 micr6globulin from the complex renders the 
MHC class I molecules nonfunctional and unstable; resulting iiii rapid degradation. All 
MHC class I molecules isolated from PBMCs have endogenous peptides bound to them. 
5 Therefore, the first step is tp rembve allendpgendus peptidel bound to MHC class I 

molecules on the APC without causing their' degradation before exogenous peptides can be i 
added to toem ; H • :^;v .""v " " : 

. ■ ■■ Twp pc^siblej^ys to up l^HCjclassif n^ieSlesv of bound peptides / 
/ include lowering the ciil^ to destablize 

3 P 2 microglobulin and stripping me endogenouipeptidei from tlie Sell Mngz rriild acid 
treatment. The methods release previously bound peptides into the extracellular 
environment allowing new exogenous peptides to bind to the empty class I molecules. The 
cold-temperature incubation method enables exogenous peptides to bind efficiently to the 
MHC complex, but requires an overnight incubation at 26° G which may slow the cell's 
metabolic rate. It is also likely that cells not actively synthesizing MHC molecules (e.g., 
resting PBMC) would hot: produce high amounts of eiriptylsUrface MHC molecules by the— 
cold temperature procedure. 

Harsh acid stripping involves extraction of the peptides \yith trifluoroacetic 
acid, pH 2, or acid denaturation to immUnoaffipity purified |la« I-p^tide complexes . 
These methods are not feasible for CTL inductidn|;since it is important to remove the 
endogenous peptides while preserving APC viability and an optimal metabolic state which : 
is critical for antigen presentation. Mild acid solutions of pH 3 such as glycine or 
citrate-phosphate buffers have been used to identify endogenous peptides and to identify V 1 
tumor associated T cell epitopes. The treatment is especially effective, in that only thef 
MHC class I molecules are destabilized (and associated peptides released), while other ' 
surface itigens remain intact, including MHC clais: II molecules. Most importantly, 
treatment of cells with the mild acid solutions do not affect the cell's viability or metabolic 
state. The mild acid treatment is rapid sjnce the stripping of the endogenous peptides : 
occurs in two minutes at 4°C and the APC is ready to r^rfofm its function after the 
appropriate peptides are loaded. The technique is utilized herein to make ix^tide-specinc 
APCs for the generation of primary antigen-specific CTL. Thfe resulting APC are efficient 
in inducing peptide-specific CD8+ CTL. 
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Activated eD8+ cells may be effectively ^parated 
stimulator cells using otie ^ 
mortoclonal^M 

stimulator cells, or for the ;jGD8 ^ therrof) ;if^ to bind their 

: I : ^-^ 'a^ be extracted 

frpi^ 

iimmuhb^ 

Effective, cytotoxic ^ 
vitro and w v^ya uses, as ^w^ ceUs that are the ultimate 

1 0 ^f&of these killer cells; ^ 

iyy^timt'-md should fc^ determ 1 ^ 

Preferably- tipwbve^ il X 10 A to about 1 X 10 12 , more preferably about 
I X l6 8 to about I X 1 0 l \ and even ^ 1 X 10^ t^ about 1 X 10 10 ; 

activated CD8+ cells are utiliz^i ftt 5 x 10? 

: '.15. : v-. : :' ■ cells used in mice. 

Preferably; Wdiscus^ cells afe harvested from 


Ifis important to note,^h^ 

modalities, the present: method is riot tumongehic. 

20 if complete ^dratiori of sti mulatoir cells and acti vated C^8^ cells is not 

icW is rip inherent d^^ 

small huritber of stimuli 
: : i i; extrerriely hazardoiis^^^^ ; 

Methods of re-intr<& 

25 include procedures suclv as thp^ Patent No. 4,844,893 to et 

al. and U.S. Patent No. 4,690,915 to Rosenberg. For example, administration of 
activated CD8 + cells via in travenpusi infusion is appropriate. 

The immunogenic p^ may also be used to make 

monoclonal antibodies. Such antibodies may be useful as potential diagnostic or 
30 therapeutic agents. 

The peptides may also find use as diagnostic 
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:; be used to determine the 

or related peptides, and thus may be; existing treatment protocol or 

; in determining In addition, the peptides rnay ialSo 
5 be used to predict which individuals will be at substantial ri sk for developing chronic 

infection;: A7/; : -Q-p-i -vK^vV;,-.- '•:•:.!> : ": ; v --n^' 

^ in the related 


WO 97/34617 


PCT/US97/04451 


HLA 


=. Position-, 


TABLE 5 
iSummary 
•A3.?. Allele-Spedfir. Motif 

Conserved 


rCGSlfl UCS 

V.LVM.;. 


'■'■■>'■:"':■: . -.v.'.-/. : -' : '-}, 


:- - :0-'--' 


* • . ;- : , : v- 


--:'.-:-: : :"-'ii:-- : V-:" 


: : :' -:::2b- : • ' 
25 


.30: mm. 


••■■■•■.'==■.>: ^' 


TABLE 6 
Summary J 
;j Ailele-Specific Motif 


1 ■ 


:4i-V^.^.. : . 


35 


': ':-i:V V:-:.vV,-i,: : ., ;., 
'.. : -••>; • ... 
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TABLE 7- V'v=. 
: : Sumrniry r • . 

HLAMijl AllflP-Spfrifir Motif ; : 

L Conserved . 
Position-: Residues 



6 


10 


20 



^1=. ;-.:-:=- - : V - 


: V,:.:-" . 


We? 


25 


Position 


HI.A-A^4 r Afele-Sperifir M^fif 
Conserved 


Wkm. 


Residues 


• V : ::: : : . 
- • • . • • • 


35 


• . ■ : 


6 
7 
8 
9 
10 


V I,M 

^;;,Jp,E,G,K,p-;t; > .; kV >- 

N V 

■ ■" : ■: - ---- 



F,A .■ . ; . .. "r' 


■ ': : ;' ■ "*:V'V:" 
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• Example I 

Identification of immunogenic peptides 
Using the motifs identified ^ 
sequences from various viral and tumor^related^^ 
5 these motifs. Screening was carried out descril^ 


The above description is ■ provided j to iliustrate ; thei ihveai tiori ) but not; ^ 
^ scope. Other variants of the invention will be i^di ly apparent to on& of ordinary^ ^ 
the art and are encompassed by the appended claims. All publications, patents, arid 
iO : applications cited herein are hereby ihcop)d^ited by reference; 
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Table 9 


SEQ, ID. No. 


AA 


SEQUENCE 


SOURCE; 


OWGIN^OR I 
MOTIF: 


1 

2 
3 

: '4: 
5 

6 
7 
8 
9 

to 


HSNLKDTTY 


FLU A NP 140 


AP3 


FVEALFOEY 


P/ falciparum <GSP : 


A03/AI1 


AADAAAAAY 


Al>poly*A 


API 


DADAAAAAY 


Al:;:p0ly4Aiy 


API 


AADSAAAAY 


Atvi poly^A 


API 


AADAPAAAY 


AT; poly- A :■ 


API 


AADAAaOAY: 


Al poly- A, 


;A6l 


QADAAAAAY 


AT :pbiy^A : j:; 


apt; 


A A P APA A A Y 


.Al^ly-A'" 


AOl 


AADAGAAAY : 


API 


AADAAKAAY 


A I., poly- A :. 


AOl 


12 
13 
14 
15 
16 


AADAAAPAY 


All: poly- A) 


AADAAAAPY 


A I . poly- A 


AOl 


AOl 


ATAAAAAAY 


Ar : poly--A;; 


AOl 


ptaaaAaay 


AT jioly-A 


AOl 


ATASAAAAY 


A I ; -poly- Ax 


AOl: 


17 : 
18 . 
19 
20 


ATAAPAAAY 


AT : poly»Ax 


AOl 


ATAAAAQAY 


A I Vpoly-A, 


API 


ATAAAAAKY 


A l : poly- Ax 


API 


QTAAAAAAY 


AM poly- A;x 


; API: 


21 

.22 


ATAAPAAAY 


Al.xpOly^A^xx^:: 


API: 


ATAAPAAAY 


Al:: p6ly-A: :: : 


API 


23 
24 
25 
26 
27 
28 


ATAAAKAAY 


Al poly^A 


API 


ATAAAAPAY 


A 1 poly- A 


API 


ATAAAAAPY 


Al poly* A 


API 


TYLISSIPL 


GCDFP-15 ;: 70 : 


A24 


FYTNRTVQ1 


GCDFP-15 ilP2 


A24 


IP 


PLQGAFNYKY 


GCDFP^I5 ; 77; : 


VAPi-:; 


29 


IP 


LCDDNPKTFY 


GCDFP-15; 90 


API 


30 


TTNfcRPTTY 


GAD. : gi 


API 


31 


CLELAEYLY 


GAD : 483 


MPl 


321 


33 


LLSPRPISY 


HCV NS3 : I157-; 


LLSPRPVSYi 


HCV NS3 ;n57;i x 


:A0i 


API 


34 
35 


PTVTVFHVY 


HSV-l-POL 142 


API 


ETAORHVGY 


HSV-I POL 688; 


API 


36 


GSGPELLFY 


HS V- 1 TERM: : 61 2 v: 


ML 
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SEO. lOi No. 

ax 

SEQUENCE 

SOURCE 

ORIGIN OR 
MOTIF; 

.37 • 

9 

tijpQWVADY ; 

HSV-I ENV 143 "v- 

: : 'X6rX:- : >: 

.38.' ':• 

;9: 

VVERTDVYY 

HSV-I POL 252 

A01 

39 


slehtLcty 

HSV-I ENV 587 

A0I 

-'40 • 

;9 

PSdRHGSKY ; 

Hu MBP : 6 : 

A0I : : :: 

-41 * 

■1.9", y Vv- :; V:' 

CSAVPVYIY 

Hu PLP 169 ; 

A01 

42 ' 

•9 v '•' 

^lt^iWatyX :V".:" 

Hii PLP 255 

' Aov-i : 

43 

■:'9 : :: 

'"OTASFFFLfe:-:;-- 

HU PLP : 74:-/:.-.^ 

A01 

44 : . 

9 

ctt^iety 

i Hu PLP 42 

AO! 

45 : -' 

.9 I^'^.vx 

: :: i^(^6TSY.i:.:V.:- :: ''-:- 

LCMV CP 217 

AOi 

: 46: "\v 

,9i: i^.--:^ 

kTWENHCTT : • 

LCMV OP 233 

A01 

47 

9 

QSSINISdY 

LCMV NUC 232 

A01. ' 

48 '-. 

9 

ITEMLRKDY: 1 : 

■ LCMV CP 417 

Aor 

49 • 

•■9.'-. . . 

OSSFYSDWY 

; M . Tuheirc .. . 85 A/3 ! 

a6i ■: :" 

50 ">':■:■ :'• •: 

: :9v ■ 

SSALTLAIY : 

M Tuhcrc: 85 A/3 

AO! 





A01 . 

: - : 5i".\''v: ;:: ' :: 

9 - : - 

atwujDDGY:^ : 

:M;:Tubcrc. :cat/p 

52 '•: 


OSTSINLPY : 

i M Tuhcrc. DNAK / 

AO! 

53 ' 

•19 : - V V .-ii 




OSSFYSDWY 

;M:Tuberc; 75 

AO! 



YAELMTADY • 

M. Tubcrc. POl! 

■AO!;--::: 

: 55-:. V 

,.9 ■ 

STNEVTRIY^ ? 

PSM 348 

AOI 

'56 

:9 ■ ,: : ,r-; : < 

RVDCTPLMY 

;i; PSM. : -:: : :.463 v ' ' 

•AO! ; - 

57 

:;:9;:,:;::.;.:;:;. ; ;:v:.V>;x 

RGRROPIPK : 

HCV CORE 59 

A03/AU 

58 

: 9:' : •• 

: ;KTXRhTTNRR : : 

HCV CORE 10 

A03/AI1 

59 • 

l9;>':;v : : : -? ;i: : : :F' : ' : .^: 

LGFGAYMSK 

HCV NS3 1267 

A03/A1I tV 

60 , : 

'•9:.v:. : v- 

VagalVafk -vM- 

HCV NS4 1864 

A03/A11 ■<:. 

6! : :'"'x.'" V - :: - 

9 '-..:?"'■■ 

NFISGIQYL; 

HCV NS4 1772 

A24 

v62 : '^^--;^W:* 


FWAKHMWNF 

HCV NS4 • 1765 

A24 

63 

^lb:::. : :.':^ : "■■:^^': ; ::: : 

EVDGVRLHRY 

HCV NS5 2129 

A01 

64 

10 

DLSG WfjyAGY. • • : •• 

HCV NS5 2999 

A01 

65 

10 

AACNWTRGER 

HCV NSI/E2 647 

A03/A11 

66 

9 

KVYLAWVPA ... 

HIV i POL 74 

A03 

67 

9 . ' ■ 

TLFCASDAICi • 

: HIV-i :ENV 82 

A03/A1I 

'68 ' ' i : ;-V 

9 '■■ 

islwdqslk: ■ 

iHW-l-ENV 78 

-A03/AlV'\^^:- 

■:69 : 'V- 

9 

RIVELLGRR • 

HIV- 1 ENV 53 

A03/A11 : : 

70 

9 .0 

mvhoaisprv: 

HIV-1GAG 45 

A03/A11 

71 

9 . . 

TIKlCJOOtK : 

HIV^ t POL 65 

A03/A11 ' v 


9 

KLVSAGIRK : 

HP/-I POL: 57 

A03/A1I • 

73 - : .':=■. 

9 '• 

KSItWVgr 

HP/-! TAT 77 

A03/A1I 
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aa : 

SEQUENCE 

SOURCE 

: ORIGIN OR : 

MOTIF 

■ ,74 ■: = =•: '-"if: • 

"9.;".:: 

GLGISYGRK ; 

HIV- 1 TAT 77: 

A03/A11 

J' :lSp\P' • ':' ^•^.•^ 

'9; : - 

VMIVWOVDR : 

;;HfV-i;VlF 83 

A03/A11: 

^ :. : 76'.:-':; :: : : '' \ ' ? . P 

V-:-': 

QMAVFIHNF 

HIV-1 POL 92 

A03/A24 

; ■: 77 ;; -V 

•:9-v/- 

SMTKILEPF : 

xHlvll POL 87 

A03/A24 : ; 

; 78 

■'9 :;: "- : A- •• 

IWGCSGKLI .:'; 

: HIV^I ENV 69 

A24 


•: : 9; v ,. 

■:'lykykvvkj'> P^^-P:- 

: HfV-1 ENV 49 

A24 



VWKEATTTL •; 

HIV-J ENV 47- •'• 

A24 



GWK^Nif»Pl^^^;^^^ i 

HlV-1 GAG 31 : : 

A24 


.9.-:. 

RFAVNPGLL ^ 

HfV-i gag; 26 :: 

A24 : :'.:c -: : v 


9PP'::> ^ ' : 

PVNTPVFAI i: 

HIV-1 POL 74 ^ 

A24 

'"■ ■mPP^^PP- ■ ' 

9"' 

WWAGIKOEF 

HIV- 1 POL .70 " : 

■A24 -P-:- 

■ :%$ip;P' 

9 

LWQRPLVTI 

HlV-i POL 61 

A24 1 ". 


9 ••• 

I YETYGDTW 

HIV 1 VPR 92 : 

A24 . 

: : 87 

••.9:-t. -,- 

PYNEWTLEL ■ 

HIV-1 VPR 56 

A24 

: .88 :•■:.:[: y:Cr -\-? 

10 

ILQQLLFIHF 

HIV- 1 VPR 72 

A03 


10 

TTLFCASDAK 

iiiv-i env 8i 

A03/A1I . 


ib 

LLGIWGCSGK i 

HIV-1 ENV 73 

A03/A11 

• 9i \"P. : : V: " 

[: 'UP : 

HSLWDOSUK 

HNMENV 66 

A03/A11 

' '92'.'.'-: :• k:Z> 

id 

LLOtTYWGIK 

HIV- 1 ENV 61 

A03/A1I 

:9i:/P/ : -' " 

10 " : , '.'V::', 

SfLDrROGPK 

HIV-1 GAG 72 

A03/A11 


10 - : : 

QMVHQAISPR 

HIV- 1 GAG 45 

A03/AU 

•95- -::V : "- : l'.V-:, : -:_ 

: * 0 : : J ! ■ : ■ : : : J?w'- 

TAVQMAVF1H 

HIV-1 POL 88 

A03/A1I 


m'P 

: iSPIETVPVK ; 

HIV 1: POL 87 

A03/A11 ■ 

.97 -x. 'P:i 


LG1PHPAGLK 

WlVri POL 87 ; 

A03/A1I 

'98.;: ; - : [ :'/PP- 


PAIFQSSMTK 

HIV-1 POL- 78 

A03/A11 : 

99 '■" 

■AO \ 

KVYLAWVPAH 

HIV-1POL 74 

A03/A1I 

100 :::'•:;<.';•/:■:,- 

'ib: . 

DIIATDIQTK 

Hiv;i K)L 67 

A03/AI1 

10! ■ ■ 

10 

VT1K1GGOLK 

HIV- 1 POL 65 

A03/AII 

io2 : - : ?:>:v V; '---' 

10 

KAACWWAGIK 

HIV-1 POL 65 

A03/A11 

• I03 ".: ": : 

10 

VSOHEOLIK 

HIV-1 POL 61 

A03/AII 

■:|04 . 

10 

KG LG IS YORK 

HIVij TAT 77 
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. , ; r. WHAT T^ ri ATMFn T^- . 

1 . A method of inducing a cytotoxic T ceil response against a p^dcw^ 
; '-^f wtigCT;:in' a 'patient^'^the method comprising coribcting cytotoxic T 
c : S J}ip$ iM^^WOgcn'ic- peptide which binds to an HLA^A3:2 iylHG pipdiM ;-$rithia [y.M 

^^^^^P" FPP^ 1 "pf -less than about 5 x 1 6;^ M and induces a cy tbtoxic T pi resj^ns^ 
which immunogenic peptide has between about 9 and about 10;residiies art^ 

to the C-terminus: 

irid a second conserved residue of K, R; Y, H and F; 
:;.:> : ;:v- wherein- the first and second cot^ ^."sepi^t^ 
: - ■ ; residues; " " - 

\ : : ^ ::-;|;: : ;:V^i::2> ; ; : The method of claim 1 , wherein the first conserved residu^ 


; :^;^;-;"V 3 -*' A method of inducing a cytotox^ against a^ j)i^Iect6dl 

^ patient, the method comprising contacting cytotoxic ^ 

which binds to an HLA-A1 MHC^ ; 'prod uct 
,0? ¥ and induces a cyk> 
: ^ has between about £ and 

' raidu&pi^ to the C-terminus: 

^^^-of^i S and ^ 
• : a^^ of D, Ei A; S and T; 

a third conserved residue of Y; 

wherein the first and second conserved residues are adjacent arid the second 
^f 1 ^: ? tt?? r<J cpnserv<^J resi d ues are separated by 5 or 6 residues 


30 


^ ^ : ;4. The method of claim 3, wherein the first conserved residue is at the 
^ondi pp^ the N-terminus. 


15 


30 
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5. A method of inducing a cytotoxic T cell resfwnse against a preselected 
antigen in a patient, the method comprising contacting cytotoxic ^ 

with an immunogenic an HLA- A 1 MHG pr^uct with a ; 

dissociation constant of less than about 5 x I0" 7 M and induces a ;C 
which immunogenic peptide hasi 
' residues, from the N C-terminiis: .• 

, a first consented residue of T, S and M; :ahd : ; i 

. . : a.:sebpnd cons^eid^residue of Y; •. 
whi^in: th^ 

residues. . 

6. The method of claim 5, wherein the first con 

second position from the N«terminus and the second conserv^ residue is at the ninth or 
tenth position from the N^terminus. 


7. A method of inducing a cytotoxic T «U re 
l antigen in a paUent, the method comprisi contacting cytb^ 

with an immunogenic peptide which binds to an HLA-A 1 MHC product with a 
dissociation constant bf less than ab x 10~ 7 M and i nduces a cytotoxic T dell response, 
iw? ■ ; which immunogenic and about 

residues, from the N-terminus to the G-terminus: 

a first conserved residue of D, E, A, S and T; and 

a second <x)nserv^ residue of Y; • : 

wherein the first and second conserved raidue^ by 5 to 6 

25 residues. 

8. The method of claim 7, wherein the first cob^r^ the 
; V third position from the N-terminus and the second con seized residue ^ 

position from the N-terminus. 


9. A method of inducing a cytotoxic T cell re^nse against a preselected 
antigen in a patient, the method comprising contacting cytotoxic T 


y WO 97/34617 ' . ' ' . " • l :> ■ X PCTAJS97/0445! 

with an immunogenic peptide wh^ to an HLA-A 1 1 MHC product with a 
dissociation constant of less than ^ 


•': residues, - = : ■ • 

v a first conserved residue of L, M, I; V, A, S , T, Gl N , G, ; F, £> v jE; and 
a second conservkl residue pf K, k; H; - ; : 

wherein the first and second conserved residues are separated b (5 to 7 

"residues,, ;" ; ■ r . . 


io : 10. Themeth^ 

• • .-second position from the N-t^frniiius.: 


11. A method of inducing a cytotoxic T cell response against a preselected 
antigen in a patient, the method comprising contacting cytotoxic T cells from the patient 
is with an immunogenic peptide which binds to an HLA-A24. 1 MHC product with a 

dissociation constant of less than about 5 x 10 7 Nl and induces a cytotoxic T cdl re^ 
which immunogenic peptide has between about 9 and about 10 residues and the following 
residues, from the N-terminus to the (^terminus: 

a first conserved residue of Y, F, W; arid 
20 a second consented residue of F, ^ 

wherein the first afids^ 
' : > ; v '4 residues. v., • . ; , >. " ' y - . ■ ; 


12. The method of claim 1 1, wherein the first conserved residue is at the 

25 second ^ 

13. A methcKfqf inducing 
antigen in a patient, the method comprising ot^ 

peptide which binds tio ^n 
3(^: diswciatiori constant of less than about 5 x 10- M and ind^ 
which immunogenic peptide has ^ 
residu^^ the N-terminus to the C-terininus: 


' WO 97/34617 ' . ..: PCT/US97/04451 : 

a first conserved residue at the second position selected from the group 
consisting of A, I, L, M, T, and V; and a secphd c^^ryal residue at tKe C terminal 
position sd^ted from the group consisting of K and R • 

wherein the first and second conserved residues kre separate^ 
5; . residues. • 

14. A method of inducing a cytotoxic t ceill response against a preselected 
antigen in a patient, the method comprising contacting cytotoxic t cells from the patient 
with an i m munogenic peptide which binds to art HLA^ A3 2 MHG product with a 
10 dissociation constant -"bf ;;=lcss:- than ■ abQli t : 5 x :16^7=f-M;i*ad ■ induc^V^^y totokie'^ xeli ■ response," 


residues, from the N-terminus to the C-terminus: 

a first conserved residue at the second position from the N terminus selected 
from the group consisting of A, I, Lj M, T and V; and 
is a second conserved residue at the C terminal position selected from the group 

consisting of K; 

wherein the first and second con^ryed residues by 6 to 7 

residues. 

20 15. The method of claims 1, 3, 5, 7, 1 1, 13, or 14, wherein the 

immunogenic peptide is contacted with the cytotoxic T ^ in vitro, 

16. The method of clairiis; 1 , 3; 5, 7; 1 1 
contacting cytotoxic T cells with the i mmunogenic peptide is carried out by administering 
25 to the patient a nucleic acid encoding the peptide. 

17; the method of clai ms 1 , 3, 5, 7, 1 1, 13; or 14, 5, wherein the 
immunbgOTic peptide fr^^^ ■ ■^■f :y } : : 


30 18;: T of claims 1 , 3, 5v 7; 1 1, 13; or 

immunogenic peptide is from a cancer antigen; .• • r 
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isirig an immunogenic peptide, wherein the 
immunogenic peptide is selected frdm the g 
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